A series of six new poly(ester amides) (PEAs) are synthesized from 2,5-pyridine dicarboxylic acid and structurally different diamines and diols by direct polycondensation. The three diols employed are 1,8-dihydroxyanthraquinone, hydroquinone bis(2-hydroxyethyl)ether and hydroquinone. Two diamines, namely 1,6-diamino hexane and 1,4diamino benzene are used in polymerization. These polymers are characterized extensively by spectroscopic techniques such as as 1 HNMR, 13 C NMR and FTIR spectra. The different properties of this poly (ester amides) such as inherent viscosity and qualitative solubility are reported. The thermal characteristics of the poly(ester amides) are determined by differential scanning calorimetry (DSC). The liquid crystalline behavior of the polymers is identified by optical polarizing microscopy (OPM). The degree of crystallinity of the PEAs is studied by wide-angle X-ray diffraction (WAXD) method. Typical polymers are also tested for in vitro wound scratch assay.
INTRODUCTION
In the last decade, there are several reports on the synthesis and characterization of poly(ester amides) (PEAs) having different chain microstructures. To evaluate the influence of microstructure on the properties of PEAs, considerable efforts have currently been devoted. 1, 2 As PEAs possess amide and ester groups in the polymer they form strong intermolecular hydrogen bonding that enhances the mechanical and thermal properties to the polymeric materials. [3] [4] [5] PEAs are considered as materials having potential to exhibit thermal, mechanical, biological and optical properties for a wide range of application in various fields [6] [7] [8] . The influence of several aromatic moieties that differ in size and structure on the intermolecular interactions of PEAs and their liquid crystalline behavior were studied by Sudha and Pillai. 9 The effects of chemical structure of PEAs on the thermal, mechanical and optical properties were studied. 10 Priya Garg et al. reported that the thermal properties of the three different series of segmented PEAs are dependent on the microstructure of the polymers. 11 A wide variety of biodegradable PEAs can be produced by blending them with suitable renewable resources like carbohydrates and amino acids that can offer biocompatibility. By varying the composition of synthetic blend component, the morphology and hence the other properties can be regulated easily and efficiently. [12] [13] [14] Properties of polymers are dependent on the great variety of monomers used. The selection of monomers plays a vital role in the design and development of biomedical products. [15] [16] [17] There are a variety of methods available for the synthesis of polymers. 18, 19 The most convenient and less time-consuming method is direct polycondensation which bypasses the tedious step of diacid chloride formation. We report here studies on the preparation and characterization of a new series of PEAs based on 2,5-pyridine dicarboxylic acid linked to various diols and diamines using diphenyl phosphoryl chloride (DPPC) as the agent for polycondensation in pyridine solvent. To study the effect of thermal stability and optical property, monomers of different molecular structures are used. Moreover the wound healing capacity of the 
Synthetic Procedure for Poly (Ester Amides)
The procedure for the synthesis of poly(ester amide) PDAB by direct polycondensation is as follows: 21 A mixture of 5 mmol (0.835 g) of 2,5-pyridine dicarboxylic acid, 13 mmol (2.694 ml ) of DPPC and pyridine were added in a three-necked 250 ml round-bottom flask fitted with a thermometer, condenser, mechanical stirrer (350 rpm/min) and an oil bath. After 20 min. of stirring 10 mmol (0.4250 g ) of LiCl in pyridine was added and the reaction mixture was slowly heated up to 120 0 C . To this mixture 2.5 mmol (0.6 g) of 1,8-dihydroxyanthraquinone and 2.5 mmol (0.27 g) of 1,4-diamino benzene in pyridine was added. The whole solution was stirred at 120 0 C for 3 hours, then cooled and poured into 500 ml water/methanol mixture. The precipitate was filtered, washed thoroughly with hot methanol and dried.
Characterization of Poly(Ester Amides)
The inherent viscosity (η inh ) values of poly(ester amides) were determined at a concentration of 0.1 g dL-1in N, N-dimethylacetamide using an Ubbelohde viscometer. The solubility of the polymers was qualitatively determined using 0.01 g of the PEA in 2 mL of the solvent. The infrared spectra of the polymer samples were recorded by Bruker α-T FT-IR spectrophotometer using a KBr pellet from 500 cm-1 to 4500 cm-1. The 1 H NMR and 13 C NMR spectra were recorded by a Bruker-500MHz spectrometer using DMSO-d 6 solvent. DSC thermograms were recorded at a scan rate of 10 ∘ C /min on the Netzsch phoenix DSC 204 instrument under a nitrogen atmosphere. The degree of crystallinity of the PEAs was studied at room temperature using the PANalytical -X Pert Pro X-ray diffractometer.
Scratch Wound Healing Assay (In vitro)
Vero cells were seeded onto 6-well plate at a density of 2 × 10 5 cells and incubated overnight at 37 ∘ C and 5% CO 2 . Cell culture monolayers were scratched horizontally with a sterile pipette tip. Thereafter, the cells were treated with polymer at two different concentrations (25 and 12.5 µg) by diluting with growth medium. The cell without treatment was used as the control. After 24 hours treatment period, the plates were viewed under a microscope. To calculate the wound closure, the images were observed and the percentage of migration rate was calculated by using the following formula: 22 Migration Rate (%) = [(Measurement at 0 h −Measurement at 24 h) / Measurement at 0 h]× 100 
RESULTS AND DISCUSSION
Six PEAs are prepared in the present work. Polymer code, monomers used, % yield, inherent viscosity and absorption frequencies in FTIR spectra of PEAs are summarized in Table- 1. 
Solubility of PEAs

Spectral Analysis
The microstructures of all the PEAs were investigated by FTIR analysis. Figure-1 displays the representative FTIR spectra of polymer PDAB which show characteristic absorption for carbonyl group of ester at 1744 cm -1 , C-0-C (str) at 1272 cm -1 , C-O (str) of ester group at 1090 cm -1 and C-H (str) at 2924 cm -1 (asymmetrical). All the PEAs synthesized containing 2,5-pyridine dicarboxylate units exhibit two vibrations at 1515 cm -1 and 1626 cm -1 for C=C and C-NH vibrations of the pyridine ring. 23, 24 The other five PEAs showed similar FTIR spectra. The chemical repeat unit in the PEAs was spectrally analyzed by 1 H and 13 C NMR spectra. The representative 1 H NMR spectrum of PEAs PDAB in DMSO-d 6 is presented in Fig. 2 . The peak assigned to the portions of the secondary amide group showed in the region of δ= 10.7 ppm. The aromatic protons showed signals in the range of δ= 7.0-7.9 ppm. The sharp peak for the protons of diamino hexane moiety showed signals at δ= 2.0 ppm. This data indicates that the polymer backbone contains all three monomers. A typical 13 CNMR spectrum of PDAB is presented in Fig.-3 . The presence of ester carbonyls in the polymer chain as indicated by signals at 161 ppm. The carbonyl group of anthraquinone was indicated by the signals at 192 ppm as these are more deshielded. The carbons of the aromatic ring are shown by the peaks in the range of 116-137 ppm. The peak at 181 ppm represented the presence of amide carbonyl carbon atoms. 25 The signals assigned indicated that the polymer backbone contains all the three monomers. 
Thermal Analysis
The phase transition temperatures of PEAs were examined accurately by differential scanning calorimetry (DSC) in a nitrogen atmosphere at the scan rate of 10 o C/ min. A typical DSC thermogram of PDAB for the first heating is shown in Fig.-4 . From the different crystalline polymorphs, the glass transition (T g ) was indicated by the peak at 164.1 0 C. The peak at 277.2 0 C is due to the melting transition (T m ). The peak appearing at 182.0 0 C temperature prior to melting indicates crystal to crystal transition (T k-k ). A similar DSC thermogram was obtained for the polymer PDAH. It is interesting to note that these two polymers were crystalline in nature. The polymers PDEH and PDEB having ether linkage in the backbone chain may exhibit less degree of crystallinity. However the polymers PDHH and PDHB were showed only one inflection point corresponding to the glass transition temperature which indicates the presence of the amorphous phase.
Optical Polarizing Microscopy(OPM)
An optical polarizing microscopy is an important tool for studying the liquid crystallinity of PEAs. The synthesized PEAs were observed by OPM and found that there is some degree of crystallinity. High rigidity of the backbones of rod-like polymers results in strong chain interaction, low solubility, high crystallinity and high melting temperatures. 26 The type of mesophase is dependent on the chemical structure in the polymer backbone which contributes Physico-chemical behavior of liquid crystalline polymers. The introduction of amide linkages causing nematic liquid crystalline properties into the polyester backbone which increases the polymer chain alignment. Interestingly all the synthesized PEAs exhibited grainy and schlieren texture in nematic mesophase in the temperatures between 138°C -300° C. PEAs containing anthraquinone moiety were found to be crystalline. Some of the PEAs namely PDEH and PDEB show crystal to crystal transition above 200°C. Certain poly(ester amides) namely PDHH and PDHB also show crystal to crystal transition above 300°C. Due to the high melting point of poly(ester amides) synthesized from 2,5-pyridinedicarboxylicacid, it was less probable to find their liquid crystalline behavior. Figure-5 presents OPM micrographs (magnification X 10) of PEAs. 
Wide-angle X-Ray Diffraction Study (WAXD)
The wide-angle X-ray diffraction analysis of the PEAs was conducted at room temperature to evaluate their crystal behavior. Typical X-ray diffraction patterns of PDAH and PDHH are presented in Fig.-6 . It is clearly observed from the XRD pattern of PDAH show sharp and defined peaks in the region 2θ = 5-55° indicate that this polymer has a high degree of crystallinity. However, PDHH shows broad and diffuse peaks indicate that there is less degree of crystallinity in this polymer.
In vitro Scratch Wound Healing Assay
PEAs are one of the most extensively studied materials for biomedical applications. In our previous paper, we have reported anti-bacterial and anti dicarboxylic acid. 27 Here we report wound healing property of synthesized PEAs PDEH and PDHH against vero cell lines. PDHH which contains hydroquinone is found to linearly increase in wound healing activity with an increase of concentration. This indicates that PDHH could be a potential polymer for wound healing. Six novel PEAs were synthesized from by direct polycondensation using DP LiCl. PEAs synthesized were in high yield and microstructures of the polymers have been investigated by behavior of this new class of PEAs was studied by DSC. Data revealed that these polymers showed good thermal stability. There is an extensive application properties of polyamides with the degradab establish the mesophase formation indicating nematic mesophase. Pol temperatures observed by DSC analysi found to be semi-crystalline in nature. One of the PEAs namely PDHH tested for which showed significant activity. biomedical fields including antibiotics and biosensors. ed from 2,5-pyridine dicarboxylic acid, two different diols ion using DPPC as the condensation agent in pyridine medium ized were in high yield and inherent viscosities range between 1.09 and 1.27dL/g. The ave been investigated by 1 H, 13 C-NMR and FTIR spectra PEAs was studied by DSC. Data revealed that these polymers showed good stability. There is an extensive application for PEAs, since they combine the mechanical properties of polyamides with the degradability of polyesters. Optical polarizing microscopy was us and all the polymers were found to be schlieren and grainy texture mesophase. Polymer textures were observed by OPM supports the phase trans temperatures observed by DSC analysis. From the WAXD patterns of the PEAs they were in nature. One of the PEAs namely PDHH tested for wound healing property showed significant activity. The PEAs synthesized could be potentially utiliz biomedical fields including antibiotics and biosensors.
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